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Abstract. We present an overview on how variability can be used to constrain the location of the 
ionized outflow in nearby Active Galactic Nuclei using high-resolution X-ray spectroscopy. Without 
these constraints on the location of the outflow, the kinetic luminosity and mass loss rate can not be 
determined. We focus on the Seyfert 1 galaxy NGC 5548, which is arguably the best studied AGN 
on a timescale of 10 years. Our results show that frequent observations combined with long term 
monitoring, such as with the Rossi X-ray Timing Explorer (RXTE) satellite, are crucial to investigate 
the effects of these outflows on their surroundings. 
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1. INTRODUCTION 

Active Galactic Nuclei (AGN) outflows are thought to play an important role in feedback 
processes. The growth of the supermassive black hole is connected to the growth of the 
bulge and the interstellar and intergalactic medium are thought to be enriched by these 
AGN outflows [1]. However the main problem is that we do not know the location or 
origin of these outflows. The kinetic luminosity and mass loss rate can not be accurately 
determined if the location is unknown. By studying these outflows in the X-ray regime 
with high-resolution grating spectrometers over multiple years, we can constrain the 
location of the outflow by using the intrinsic variability of the source |0, 111]. We will 
focus on one particular Seyfert 1 galaxy, NGC 5548, because it is the best studied AGN, 
with high-resolution X-ray data spanning almost 8 years in total 



2. OBSERVATIONS 

We use observations made by the Chandra— LETGS and XMM— Newton RGS to ana- 
lyze the X-ray spectrum of NGC 5548. In order to constrain the continuum history of the 
source we have also used RXTE data to accurately track the variations of the continuum 
flux. Fig. [U shows the RXTE lightcurve from 1996 to 2007. All high-resolution X-ray 
observations are also indicated. We focus here on the 2002 and 2005 observations, since 
a large drop in flux occurred between these observations. 
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FIGURE 1. The RXTE 2-10 keV lightcurve from 1996 to 2007. The data have been binned to one 
month intervals and the different high-resolution spectral observations are indicated as well. There is a 
small data gap between Apr 2003 and Jan 2004. 



3. SPECTRAL ANALYSIS AND METHOD 

After 2002 the source experienced a large drop in flux and although variations are still 
observed, the average flux level after 2002 is a factor of 2—3 lower than before. This 
decrease in flux will have an effect on the warm absorber gas in our line of sight. We 
expect the gas to start recombining to a lower ionized state as a result, but only after a 
delay time. The delay, or recombination time of the gas Tree is determined by the density 
n of the gas and the recombination rate of a certain ion in the following way: 
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where (Xr{Xi) is the recombination rate from ion Z,=i to ion Xj and /{Xi) is the fraction 
of element X in ionization state /. If we know Tree, then we also know the density n. 
This density estimate can then be used together with the ionizing luminosity L/^n and 
ionization state ^ to determine the distance of the absorbing gas: 

(2) 



Here Lion is the 1 — 1000 Rydberg luminosity, n is the density of the gas and R is the 
distance from the ionizing source. In practice however, the recombination time can not 
be exactly determined and only an upper limit can be obtained. This results in a lower 
limit on the density n and therefore in an upper limit to the distance R. 



FIGURE 2. Total oxygen column densities as measured with the LETGS instrument in 2002 (rectan- 
gles) and 2005 (diamonds). Ic7 errors are shown as well, apart from ions for which an upper limit to the 
total column density can be measured (arrows). 



3.1. Photoionized outflow 

The photoionized outflow consists of multiple components spanning a wide range 
in ionization states. We focus here on the oxygen ions, since those ions produce the 
strongest and most prominent lines in this source. By comparing the observed column 
densities between the two observations, we can detect changes in the warm absorber and 
investigate whether they are consistent with recombination. Fig. [2] shows the observed 
column densities for the detected oxygen ions. It can be seen that the highly ionized 
OVIII has decreased in column density, while the lower ionized OIV— OVI have 
increased in column density. This is a clear sign of recombination and therefore we 
can put a constraint on Tree- The time between the observations is 1160 days, so the 
(conservative) upper limit to Tree is also 1160 days. This results in an upper limit to the 
distance of 6 pc for the gas which produces the O VIII absorption. The upper limit to the 
distance for the other ions is larger than 6 pc, so O VIII yields tightest constraint on the 
location of the warm absorber. 



3.2. Feedback estimates 

With a constraint on the distance to the warm absorber, we can estimate the mass out- 
flow rate. The column density of the gas which is responsible for the O VIII absorption 
is 10^^ m^^ and the lower limit to the density is 4 x 10^ m^^. If we assume that the 
warm absorber consists of spherical clouds, then the mass loss rate is: 

—^^r^n[lS.R) vnipH, (3) 

with AR = 0.5 nip the proton mass and v the outflow velocity (1000 km s^^ for this 
component). The mass outflow rate we obtain in this way is 10^^ Mq yr^\ which is a 
lower limit. The solid angle Q. of the outflow is just n (^) . Again using the above 
limits on AR and R, we obtain an ^ of 10^. The same exercise can be done for the 



other components as well, but the O VIII component places the tightest constraints on 
the warm absorber properties. 

4. DISCUSSION 

There are two main problems which prevent us from obtaining accurate values for 
the warm absorber properties (mass outflow, kinetic luminosity and solid angle) at the 
moment. The first is the recombination timescale, for which we only have upper limits 
so far. The second is the geometry of the outflow, which is not known. For example 
we have derived a solid angle of 10~^ assuming an outflow which consists of spherical 
blobs of gas. However about 50 % of the Seyfert 1 galaxies show a warm absorber. This 
is inconsistent with the picture of such a small solid angle, unless the outflow bends and 
is in the form of narrow streams of gas. Using the current data which are available in 
the archives for both high-resolution X-ray observations and high-resolution UV data 
and combining them with time-dependent photoionization models, we can try to obtain 
a more coherent picture of the feedback processes in local Seyfert galaxies. 

5. CONCLUSIONS 

Long-term monitoring of AGN in combination with high-resolution X-ray spectroscopy 
is key to constrain the location of the warm absorber outflows. Once the location has 
been determined, the feedback strength of the outflow (mass outflow rate, kinetic lumi- 
nosity) can not be accurately determined without knowing the geometry of the outflow. 
General estimates can be made, either by assuming that the mass outflow rate is less 
than the accretion rate or by assuming a specific geometry for the outflow, but the key to 
unravelling the importance of feedback in these local AGN is variability, combined with 
multi-wavelength observations to constrain the geometry of these outflows. Only then 
can a full picture of feedback in local AGN be obtained. 
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